An analysis of charged particles spectra in events with different charged multiplicity 
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The shapes of invariant differential cross section for charged particle production as function of 
transverse momentum measured in pp collisions by the STAR detector are analyzed. The spectra 
shape varies with the event charged multiplicity changing. To describe this and several other recently 
observed effects a simple qualitative model for hadroproduction mechanism was proposed. 



Inclusive charged particle distributions have been stud- 
ied for a long time to derive the general properties of 
hadronic interactions at high energies. A large body 
of the experimental data on charge particle production 
spectra in baryon-baryon, gamma-baryon and gamma- 
gamma collisions has been accumulated during last forty 
years. However, the underlying dynamics of hadron pro- 
duction in high energy particle interactions is still not 
fully understood. A comparative detailed analysis of the 
measured spectra of charged particles produced in differ- 
ent type of collisions could shed light on the hadropro- 
duction mechanisms. 

Recently, a new unified approach to describe the par- 
ticle production spectra shape was proposed [T]. It was 
suggested to approximate the charged particle spectra as 
function of the particles transverse momentum (Pt) by a 
sum of an exponential (Boltzmann-like) and a power law 
statistical distributions. 
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where ETkin — \/Ij^+M^ — M with M equal to the pro- 
duced hadron mass. A,,, A,Te,T,n are the free param- 
eters to be determined by fit to the data. The detailed 
arguments for this particular choice are given in [T]. 
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FIG. 1. Charge particle differential cross section ^3 fitted to 
the function the red (dashed) line shows the exponential 
term and the green (solid) one - the power law. 



The proposed new parameterization is represented by a 
sum of an exponential and a power law functional terms. 
The variations of the parameters of this approximation 
were studied as function of energy and type of colliding 
particles, as well as of other experimental conditions. A 
typical charged particle spectrum as function of trans- 
verse energy, fitted with this function ([T]) is shown in 
Fig[l] 

The contributions of the exponential and power law 
terms of the parameterization ([ij to the typical spectrum 
of charged particles produced in pp— collisions are also 
shown separately in Figure [ij The relative contribution 
of these terms is characterized by ratio R of the power law 
term alone to the parameterization function integrated 



over P^: 
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It was found that the exponential contribution domi- 
nates the charged particle spectra in baryon-baryon col- 
lisions while it is completely missing in gamma-gamma 
interactions Moreover, the exponential contribution 
is characteristic for charged pion production and is much 
less pronounced in kaon or proton (antiproton) produc- 
tion spectra There is also no room for the exponen- 
tial contribution in a heavy quarkonium production in 
pp collisions 

In order to explain this observed phenomenon it was 
suggested to consider two distinct sources of the hadrons 
produced in particle-particle collisions. One is a radia- 
tion of hadrons by the preexisted valence quarks. This 
source of hadrons is characteristic for colliding baryons 
and completely missing for colliding gamma quanta. An- 
other source of hadrons is related to QCD- vacuum fluctu- 
ations, described by the Pomeron exchange. This source 
of particles exists in any hadronic interaction, includ- 
ing 77 collisions. If so, one could relate the exponential 
(Boltzmann-like) part of the whole particle spectrum to 
a quasithermalized radiation from the valence quarkf]^ 
while Pomeron interactions give rise to the hadrons dis- 
tributed according a power law statisticf[^ 
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^ In the framework of the non-relativistic quark model the Pt dis- 
tribution of valence quarks have usually the Gaussian form 

^ Perturbative QCD Pomeron produces the (mini)jets with a 
power-like kt distribution. 
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FIG. 2. Charged particle spectrum [7] for different values of charged multiplicity fitted to the function ([T]): the red (dashed) 
curve shows the exponential term and the green (solid) one stands for the power law term. 



Although this picture is a qualitative one, it allovifs 
making several predictions: 

1. In pp-collisions the QCD-fluctuations are more fla- 
vor democratic with respect to the valence quark re- 
lated radiation. This results in much smaller exponen- 
tial contribution to the charged kaon spectra produced 
in baryon-baryon interactions then that to the charged 
pion spectra. 

2. The AGK cutting rules [S] state that charge mul- 
tiplicity in hadronic interactions is proportional to the 
number of Pomerons involved in this interaction. There- 
fore, the relative contribution of the exponential part of 
the approximation ([T]) will decrease with the increase of 
charged multiplicity in pp interactions. 

3. In high energy photon-proton collision the expo- 
nential contribution to the charged particle spectra will 
strongly depend on rapidity of produced charged parti- 
cles. The hadrons produced in the proton direction in ra- 
pidity space will show a sizable exponential contribution 
to their spectra, while the distribution of hadrons pro- 
duced on the photon side of the event will be described 
by the power law function only. Therefore, one expects 
to observe a change between these two regimes for parti- 



cles produced around zero rapidities in the photon-proton 
center of mass system. 

4. Another prediction could be made about an ab- 
solute dominance of the exponential contribution to the 
spectra of particles produced in the high rapidity proton 
fragmentation region where the role of valence quark is 
more important. 

The prediction (1) about the flavor democracy in the 
Pomeron interactions was recently proved to be true by 
the comparative analysis of the data provided by the 
PHENIX experiment for pp collisions at RHIC [B] . More- 
over, it turned out that the difference in the relative con- 
tribution of the exponential part in the approximation ([T]) 
for pions and kaons defines the peculiar shape of the kaon 
to pion yield ratio as function of the hadron transverse 
momentum. The prediction (3) could be checked with 
a detailed measurement of the photon-proton interaction 
at HERA experiments. For that the double differential 
distribution of produced charged particles in transverse 
momentum and rapidity space has to be measured in the 
photon-proton center of mass system. In order to check 
the prediction (4) one needs to run a dedicated exper- 
iment able to measure charged particle spectra at very 
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FIG. 3. The relative value of the power law term contribution 
into the approximation as function of the visible charge 
event multiplicity. 

high rapidities. To check the prediction (2) it is possi- 
ble to use already available data published by the STAR 
experiment [7|. These data are represented by charged 
particle spectra for the pp-collision events with different 
visible charged multiplicity. In the STAR experiment the 
visible charged multiplicity and charged particle spectra 
were measured in the limited central rapidity interval 
(—0.5 < y < 0.5). Four examples of these spectra to- 
gether with the fit to the function ([T]) are shown in Figure 
[2] It can be seen from this figure that the relative con- 
tribution of the exponential part is decreasing with the 
visible charged event multiplicity rising as it is expected 
from the point of view of the simple model given above. 
The dependence of the exponential contribution in the 
approximation ([T]) needed to describe the spectrum shape 



of the produced charged particles as function of the visi- 
ble charged event multiplicity is shown in Figure [3] The 
functional trend demonstrated in Figure [3] is in accord 
of the qualitative predictions discussed above. However, 
this trend is largely smeared by the multiplicity fluctu- 
ations due to very limited rapidity window available for 
the measurement in the STAR experiment. In order to 
obtain a stronger non-smeared dependence on charged 
multiplicity one has to make similar measurements over 
whole available event rapidity space. 

In conclusion, a simple naive model for hadroproduc- 
tion mechanism was proposed to explain a number of 
recently observed phenomena. Within the framework 
of this model there are two distinct sources of hadrons 
produced in particle-particle collisions. One is a ra- 
diation of hadrons by the preexisted valence quarks. 
This source of hadrons is characteristic for colliding 
massive baryons and is completely missing for colliding 
gamma quanta. Another source of hadrons is related 
to QCD-vacuum fluctuations, described by the Pomeron 
exchange. The Pomeron interactions give rise to the 
hadrons distributed according the QCD-like power-law 
statistical distribution, while the valence quark radiation 
results in a formation of the exponential Boltzmann-like 
spectrum of produced particles. The predicted within 
this model decrease of the relative exponential contri- 
bution to the approximation ([T]) describing the particle 
spectra in pp-coUisions with rising event charged multi- 
plicity was proved on the data previously published by 
the STAR Collaboration. 
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